What is the main reference and influencing factor for getting a more precise image at atomic force microscopy (AFM) imaging system? In this paper, the quadratic regression orthogonal rotation experiment is performed to analyze the imaging factors, such as scan rate, proportional gain P and integral gain I. The fractal dimension of cell image obtained by AFM is the determining factor for image fineness. The influence of scanning parameters on the imaging will be analyzed afterwards. The optimal experimental parameters and best imaging conditions can be obtained through the above mentioned method. The results will show that the smaller the cell image fractal dimension is, the higher the reflected microscopic information and the degree of approximation to the true surface are. At the same time, the higher the fractal dimension, the bigger the possibility of image distortion caused by interference and other factors will be. Hepatoma cells SMMC-27721 are used as samples to study the optimal parameters for AFM imaging. The results will help providing more useful information to other fields of biological micro-imaging with AFM.
INTRODUCTION
The study of cell surface topography has become one of the most direct and effective ways for pathology, cancer diagnostics and drug action research in the medical field [1] [2] [3] . Until now, the method for configuring more specific parameters in cell surface topography imaging was not established and the image quality was not satisfying. The scan imaging process in the cell parameters is set based on experience or randomly. Thus, regulations of imaging parameters have produced size effects on measure results.
Fractal theory is a very popular and active new theory around the world [4] [5] [6] . Fractal refers to a class of chaos, but portion of it and the whole pattern possess similar structures [7, 8] . Using the fractal dimension to determine the clarity of the image is a more intuitive and efficient way. In this paper, in order to study the best observing and imaging conditions of cells in liquid, the quadratic regression orthogonal experiment is used to model the scanning parameters and the image quality. An analysis of the relationship between scanning parameters and image quality is carried out to get the scan parameters of the best image quality.
MATERIAL AND METHODS

Cell Culture
Human hepatoma cells SMMC-27721, which are treated with 10% fetal calf serum (volume fraction) and double-resistant (penicillin, streptomycin, final concentration of 200 U/ml) RPM I1640 medium are cultured in 12 well plates. At 37 °C, 5% CO 2 in incubator, the cells are breed in coverslip diameters of 1cm. Only wellgrown cells are selected to perform the experiments. The cells are fixed with 5% glutaraldehyde for 15 minutes at room temperature.
Instrument
A Dimention3100 AFM instrument is used in this paper. The cantilevers used for imaging are silicon cantilevers, 200μm long with a nominal spring constant of 40N/m (Microlevers, MLCT-AUHW, Veeco, USA). AFM liquid pool is fixed at the base, *Address correspondence to this author at the 23# Youzheng Street, Nangang District, Harbin, Heilongjiang Province 150001, China; Tel: +86-451-85555806 (office), +86-15145100616 (Mobile); Fax: +86-451-86415244; E-mail: h_e2000@hotmail.com; yumiao1987@hit.edu.cn imaging with elastic coefficient of 40 N/m of the AFM tip. Scanning mode is set at liquid pool tapping.
EXPERIMENTAL DESIGN
Using AFM, the human hepatoma cells are scanned in liquidtapping mode. The objective is to determine the best image quality by controlling the scanning parameters such as scan rate, integral gain and proportional gain.
Control System Parameters
From experience, the best scan rate should be selected at a range of 0.5-3.5Hz, the range of integral gain is 0.3-0.5V and the proportional gain is 0.6-0.8V. The optimal results can be obtained, if the cell imaging fractal dimension is at minimum: the smaller the fractal dimension value, which contains more micro-information, the more precise is the image. The larger the fractal dimension value is, the greater the possibility of image distortion. Image distortion leads to large folds and the image elongating phenomenon, thus increasing the fractal dimension. The fractal dimension of a two-dimensional graph is between 2-3.
Quadratic Regression Orthogonal Design
Regression analysis is the study of the relationship among variables of random phenomena. Being a mathematical statistical method, it contains a wide range of applications in testing, processing and other fields. In this paper the orthogonal experiment design was used to establish the fractal dimension prediction model in order to control the image quality. During modeling, three-factor quadratic regression orthogonal design method used to establish the prediction model of fractal dimension scan rate, integral gain and proportional gain. Factor level coding is shown in Table 1 .
Calculation of Regression Coefficients and Regression Equations
With p variables, the general form of quadratic regression equation is: 1.48x 1 x 3 2.22x 1 x 3 1.168 (4) Secondary conditions for the application of prediction equation are:0.5 scan rate 3.5Hz; 0.3 I 0.5V; 0.6 P 0.8V. The administration of a significance test on the regression equation is thus established, and the result shows that the quadratic prediction model is significant.
In this paper, the constrained nonlinear optimization function was utilized to optimize the scan parameters of the prediction model, which excludes the environmental factors and the error caused by samples. Thus only the impact of scan parameters were considered, in order to minimize the fractal dimension F(x) of scan images, that is, x <0.8. After several iterations optimal parameter combination and the smallest fractal dimension of the three experiments can be obtained and are as follows: Taking the average of the three data sets above, we obtain the optimal parameters for a scan rate of 0.592Hz, integral gain I of 0.315V, proportional gain P of 0.617V. Under the optimized experimental parameters conditions, the cell surface topography is shown in Fig. (1) . A clear image is obtained in different scan range; the pseudopodium of cancer cell surface is clearly visible.
DISCUSSION
Scan Rate on the Impact of Fractal Dimension
The experimental data obtained with the scan rate increases is shown in Fig. (2) , the fractal dimension value of the image and the least-square fitting curves are shown in Fig. (3a,b) for I =0.3V, P =0.6V, with a scan rate 0.5Hz and 3.5Hz respectively, when received on the cell surface fractal dimension and morphology of the AFM images. As can be seen from the figure, scan rate has a great influence on fractal dimension. With the scan rate increasing, the fractal dimension also showed a quadratic increase.
Fig. (2). Image fractal dimension at different scan rate
It demonstrates that a higher scan rate can significantly improve the imaging speed. In general only when the characteristic of the sample surface is unobvious and the scan range small, the scan rate value can be appropriately increased [9] . Otherwise the probes will not keep up with responding, resulting in imaging fringe and other distortion [10] . When the probes are being scanned in liquid, due to the relative softness of the samples in liquid, the scanning speed cannot keep up, resulting in a failed experiment due to too small scanning speed, which will reduce the efficiency of the experiments. As shown in Fig. (2) and Fig. (3) , with the scan rate increased, the fractal dimension makes a quadratic increase. For example, when the scanning frequency is 0.5Hz and 3.5Hz, the fractal dimension of the image is 2.11and 2.81, their error reaches up to 33.2%. 
Constant Feedback Gain I and P on the Impact of Fractal Dimension
In Fig. (4) , experimental data has been obtained with and increased I, the fractal dimension value of the image and the leastsquare fitting curves. Fig. (5a,b) are images obtained when the scan rate reaches 0.5Hz, P is 0.6V, integral gains are 0.3V and 0.5V respectively, the cell surface fractal dimension and micromorphology of AFM images can be read from the figure: points are gained on the surface fractal dimension to a certain extent. The surface fractal dimension decreases with the integral gain increasing.
As seen in Fig. (6) , experimental data obtained with P increases the fractal dimension value of the image and the least-square fitting curves. Fig. (7a,b) are obtained when the scan rate is 0.5Hz, I is 0.3V, the proportional gain are 0.6V and 0.8V.
The proportional gain is small; the surface fractal dimension is large. The image fractal dimension decreases with the proportional gain increasing.
In the AFM feedback system, after catching the signal by laser detector, this said signal will take form of a feedback signal, then, with internal adjustments, it goes through the piezoelectric scanner to ensure that the force between the probe tip and sample is appropriate [11] . As shown in Figs. (4 and 5) , fractal dimension increased with the increase of I. When I value changes from 0.3v to 0.5v, fractal dimension values decrease from 2.57 to 2.16, with an error of up to 16%, which indicates the choice of scanning parameter I affects the quality of the scanned image. As shown in Figs. (6 and  7) , when the P value varies from 0.6v to 0.8v, fractal dimension values increases from 2.6 to 2.2, with an error of up to 15.4%, which also indicates the choice of scanning parameter P affects the quality of scanned image.
From the above analysis, it can be concluded that the scan parameters for every single-factor effects, which have been tested on the fractal dimension relationship between the said phenomenon and a combination of scanning parameters, are very likely correlated, indicating the course of the experiment will have mutual influence on the parameters: even if not all parameters are set to optimal values, we can get optimal results, but it is essential to find the best combination among parameters.
CONCLUSION
In this paper, the imaging experiments of three cells are carried out by atomic force microscopy. According to the fractal dimension, as a measure of one criterion, the optimal scanning parameters can be obtained with a scan frequency of 0.592Hz, an integral gain of 0.315V, a proportional gain of 0.617V. The three sets of data obtained are a fairly good approximation to use as optimized scanning parameters. Such results indicate that the experimental method with the parameter optimization is ideal, and can provide a framework for atomic force microscopy imaging of the relevant biological samples. 
